Background and Purpose-Revascularization by coronary artery bypass graft (CABG) surgery or percutaneous coronary intervention (PCI) is frequently deferred in patients with chronic kidney disease (CKD) to avoid precipitating end-stage renal disease (ESRD), but reliable estimates of absolute and relative risks of death and ESRD after CABG and PCI are unavailable. Methods and Results-CKD patients undergoing CABG (nϭ4547) or PCI (nϭ8620) were identified and tracked using the 5% Medicare sample. The cumulative incidence of ESRD and death were reported for observed events. A Cox model with the Fine-Gray method was used to account for competing risks in assessing relative hazards of death and ESRD.
C hronic kidney disease (CKD) is associated with high risk of development of and dying from cardiovascular disease. 1, 2 Elderly CKD patients are 5-to 10-times more likely to die from cardiovascular disease than to have development of end-stage renal disease (ESRD). 3 This high risk may be partly explained by the Ͼ50% prevalence and diffuse nature of obstructive coronary atherosclerosis in patients with severe CKD. 4 Despite high prevalence and high risk of coronary disease in this population, use of coronary revascularization is paradoxically lower in patients with than without CKD. 5 Nevertheless, whether use of coronary artery bypass graft (CABG) surgery and percutaneous coronary intervention (PCI) should be increased and how the choice between these procedures should be optimized in patients with CKD remains uncertain. CABG provides more complete revascularization and reduces mortality in high-risk patients, 6 but its benefits relative to PCI may be limited by operative mortality rates 4-to 5-fold higher in patients with advanced CKD than in patients without CKD. 7 CABG is also associated with high risk of perioperative acute kidney injury when preexisting CKD is present. 8 Even minor episodes of acute kidney injury may hasten progression to ESRD, and CABG can negatively affect overall quality of life for patients who become dialysisdependent postoperatively.
Despite studies in the general population suggesting that PCI is inferior to CABG in patients with high-risk coronary anatomy, 9 PCI offers a less invasive alternative with potentially lower procedural risks of death and ESRD. Whether CABG or PCI is the best choice for a particular CKD patient depends on the relative strength of that patient's preference for avoiding dialysis compared with avoiding death, and on the timing and relative risks of each outcome after each procedure. Currently, absence of reliable risk estimates in patients with CKD limits the ability of clinicians to make evidence-based decisions. To address this important knowledge gap, we compared risks of death and ESRD in a contemporary cohort of elderly CKD patients undergoing CABG and PCI.
Methods

Study Population and Follow-Up
Medicare fee-for-service enrollees (enrolled in Medicare Part A and Part B but not in a health maintenance organization) with CKD were identified from the 5% Medicare database, a random sample of all Medicare beneficiaries. Patients undergoing an index revascularization procedure were included if they underwent first CABG or PCI between 2001 and 2007, were Medicare fee-for-service enrollees for Ͼ12 months before the index procedure, were aged 66 years or older, and resided in the United States or its territories. Patients with ESRD, undergoing concomitant valvular surgery, or undergoing CABG and PCI during the same hospitalization were excluded. Patients were followed-up from the date of the index procedure to the earliest of death, ESRD, subsequent revascularization, 3 years after the index procedure, or December 31, 2008. Date of death and ESRD status were obtained from the Medicare 5% data. Date and onset of ESRD were defined using information from the Centers for Medicare and Medicaid Medical Evidence Report (form CMS-2728), which is required from providers within 45 days of dialysis initiation or transplantation.
Comorbid Conditions
CABG, PCI, procedural characteristics, and dates were identified using International Classification of Diseases, Ninth Revision, Clinical Modification and Current Procedural Terminology codes on Medicare inpatient claims, outpatient institutional claims, revenue claims, and line items of Part B physician/supplier claims (Supplementary Table 1 ). Because all CABGs are inpatient procedures, only inpatient PCIs were included in the analysis to ensure comparability.
Comorbid conditions were defined by qualifying International Classification of Diseases, Ninth Revision, Clinical Modification diagnosis codes on at least 1 Part A inpatient, skilled nursing facility, or home health claim, or on 2 Part A outpatient or Part B claims on different days during the time period from 12 months preceding the index procedure to discharge. Supplementary Table 1 lists International Classification of Diseases, Ninth Revision, Clinical Modification diagnosis codes for each comorbid condition.
Statistical Analysis
Baseline characteristics are presented as n (%), with differences assessed using 2 tests. Because death and ESRD were considered to be competing risks with each other in this study, the cumulative incidence method was used to report the observed event probabilities of ESRD and death. Visual inspection revealed that the proportionality between risk of ESRD and death was questionable, and a piecewise Cox regression model was used with the Fine-Gray method 10 to handle competing risk and adjust for all demographic and comorbid conditions listed in Table 1 . Subgroup analyses with age cut-off at 80 years were performed. Sensitivity analyses were conducted by restricting the CABG and PCI comparison with subgroups of patients undergoing multivessel intervention, off-pump CABG, CABG with internal mammary graft, and PCI with drugeluting stent. Descriptive analyses were performed using SAS version 9.1 (SAS Institute, Cary, NC). The Fine-Gray Cox model was implemented in R package. PϽ0.05 was considered significant. Research conducted by the United States Renal Data System is classified as exempt under Institutional Review Board regulations.
Results
Baseline Characteristics
We identified 4574 CKD patients who underwent CABG and 8620 who underwent PCI during the study period. CKD stage was unspecified (International Classification of Diseases, Ninth Revision, Clinical Modification code 585.9) or missing in 86.0% of CABG and 87.5% of PCI patients, and identified as stage 3 to 5 in 506 (11.1%) CABG and 881 (10.2%) PCI patients (Pϭ0. 03). CABG patients were more likely to be younger (23.4% vs 33.5% aged 80 years or older; PϽ0.001), male (66.6% vs 56.1%; PϽ0.001), and white (89.0% vs 87.4%; Pϭ0.009; Table 1 ). Dysrhythmia (66.2% vs 53.8%; PϽ0.001), diabetes (56.3% vs 53.0%; PϽ0.001), and chronic 
Outcomes
In-hospital death was more frequent after CABG than after PCI (7.1% vs 3.9%; PϽ0.001). Cumulative incidence of death was higher during the first 14 months after CABG than after PCI, was similar at month 15 (CABG, 19.6%; PCI, 19.5%), and was subsequently lower in CABG patients. The incidence of ESRD remained higher after CABG throughout follow-up. However, ESRD occurred much less frequently than death (cumulative incidence of death at 36 months: CABG, 28.3%; PCI, 32.8%), and differences in cumulative incidence of ESRD at 36 months were small (CABG, 6.8%; PCI, 5.4%; Table 3 ).
Because the risks of death and ESRD were not proportional over time (Figure) , piecewise Fine-Gray Cox models were constructed to account for the time-dependency of risk and competing-risk data ( Table 4 ). In adjusted analyses, the relative risk of death declined over time and was consistent with increased risk of perioperative death but greater long-term reduction in death after CABG than after PCI. Hazard ratios (HRs) and 95% confidence intervals (CI) were: 1.25 (95% CI, 1.12-1.40), Յ3 months; 1.03 (95% CI, 0.83-1.28), Ͼ3 to Յ6 months; and 0.61 (95% CI, 0.55-0.69), Ͼ6 to 36 months. During the first 3 months, risk of ESRD was 1.59-fold higher (95% CI, 1.27-2.01) after CABG, but nonsignificantly lower from 3 months to the end of follow-up (HR, 0.97; 95% CI, 0.77-1.21). Consistent with the much greater absolute risk of death than of ESRD, relative risks of the combined outcome favored PCI during the first 3 months and CABG during the remainder of follow-up. HRs for CABG vs PCI were: 1.30 (95% CI, 1.17-1.43), Յ3 months; 0.99 (95% CI, 0.81-1.20), Ͼ3 to Յ6 months; and 0.66 (95% CI, 0.60 -0.73), Ͼ6 to 36 months.
Subgroup Analysis
Risks of ESRD after CABG vs PCI were qualitatively similar between patients aged younger than 80 years and 80 years or older, high during the first 3 months (HR, 1.57; 95% CI, 1.21-2.04 for patients aged younger than 80 years; HR, 1.67; 95% CI, 1.04 -2.69 for patients aged 80 years or older), but not significantly lower from 3 months onward (HR, 0.98; 95% CI, 0.77-1.26 for patients aged younger than 80 years; HR, 0.88; 95% CI, 0.51-1.52 for patients aged 80 years or older). In contrast, early risks of death during the first 3 months after CABG vs PCI were qualitatively higher in patients aged younger than 80 years (HR, 1.34; 95% CI, 1.16 -1.55) than in patients aged 80 years or older (HR, 1.12; 95% CI, 0.93-1.34). Late risks of death after 6 months favored CABG slightly more in patients aged younger than 80 years (HR, 0.59; 95% CI, 0.51-0.68) than in patients aged 80 years or older (HR, 0.65; 95% CI, 0.54 -0.78).
Sensitivity Analysis
Outcomes of CABG vs PCI were qualitatively similar in comparisons restricted to patients undergoing multivessel intervention, CABG with internal mammary graft, or PCI with drug-eluting stent (data not shown). Early and late risks of death were qualitatively similar in a comparison of off-pump CABG with PCI. HRs were 1.23 (95% CI, 0.98 -1.55), Յ3 months; and 0.76 (95% CI, 0.61-0.95), Ͼ6 to 36 months. Early risk of ESRD (1.20; 95% CI, 0.72-2.00, Յ3 months) appeared to be attenuated and risks of late progression were similar (1.11; 95% CI, 0.71-1.72, Ͼ3 to 36 months). 
Discussion
We analyzed outcomes after coronary revascularization in a large, contemporary cohort of Medicare patients with CKD. We found that risks of early mortality and ESRD are higher after CABG than after PCI, but long-term survival is better. In contrast, the relative risk of ESRD was significantly higher after CABG. However, absolute risk of ESRD was low (3.3% at 3 months; 6.8% at 3 years) compared with the risk of death at 3 years after CABG (28.3%) and PCI (32.8%). Risk of the combined outcome of death or ESRD closely mirrored risk of death.
Coronary artery disease is highly prevalent in the CKD population, 4, 11 and risk of development of and dying from cardiovascular disease is high. 2 Nevertheless, revascularization procedures are underused. 5, 12 Absence of randomized studies comparing CABG and PCI in this population, together with concerns that coronary revascularization, especially CABG, may precipitate progression to ESRD, are likely important factors underlying low use. These factors may also influence the choice between CABG and PCI, because avoiding dialysis dependence and avoiding death may be equally important to CKD patients. To our knowledge, however, the relative risks of ESRD after CABG and after PCI have not been previously estimated.
Our finding of increased short-term mortality but overall reduction in mortality with CABG compared with PCI is Figure. Cumulative incidence for death, end-stage renal disease (ESRD), and death or ESRD after accounting for competing risks. CABG, coronary artery bypass graft; PCI, percutaneous coronary intervention. 
Table 4. Crude and Adjusted Associations of Revascularization Strategy With Outcomes During Follow-Up From a Competing Risk Model
Charytan et al
Risk of Death and ESRD After CABG vs. PCI S167 consistent with a previous study of CKD patients who underwent coronary angiography 13 and extends these observations to a contemporary cohort of patients treated with drug-eluting stents, off-pump surgery, and other recent innovations. The findings differ from a recent analysis of the Arterial Revascularization Therapy Study (ARTS), which found no difference in survival among randomized CABG and PCI patients with CKD. 14 The small sample (290 patients), mild degree of CKD in randomized patients, and exclusion of patients with high-risk coronary disease may underlie the contrasting findings. Larger, randomized studies are clearly warranted. In their absence, our analysis provides reassurance that the potential benefits of CABG relative to PCI seen in the general population 9 remain in the CKD population.
To our knowledge, no previous study has estimated the relative risks of ESRD after CABG and PCI in CKD patients. Our finding that short-term risk of ESRD increases after CABG is consistent with high incidence of post-CABG AKI 8 in CKD patients. However, of note, absolute probability of ESRD at 3 years was only 6.8% after CABG and 5.4% after PCI. Thus, despite accelerated perioperative progression to ESRD, absolute early and long-term risks of ESRD were low for most patients who survived and remained dialysisindependent throughout follow-up. These probabilities also compare favorably with the Ϸ2% to 3% annual incidence of ESRD observed in a recent analysis of unselected Medicare patients with CKD. 15 Of note, overall incidence of ESRD was Ͼ4 times lower than incidence of death. Similarly, despite a higher risk of death and ESRD during the first 3 postprocedural months, long-term risk of the combined outcome was significantly lower after CABG than after PCI. Our results thus suggest that CABG is associated with better overall outcomes than PCI in CKD patients. Our data suggest that CABG is the preferred revascularization procedure for elderly patients with CKD; however, PCI might be favored if the focus is short-term mortality and maximizing avoidance of ESRD.
Strengths of our study include a large cohort, extensive adjustment for comorbidity, and a nationally representative sample. Limitations also should be noted. Selection bias for choice of revascularization procedure may have occurred in this retrospective observational study. Administrative data were used, and clinical information such as left ventricular ejection fraction, coronary angiographic findings, and functional class were not available. We were unable to estimate glomerular filtration rate; therefore, we cannot rule out the possibility that differences in the severity of CKD between the PCI and CABG groups could partly account for the observed differences in outcomes, particularly for progression to ESRD. However, previous studies have demonstrated high specificity for advanced CKD when diagnostic codes are used to define the presence of CKD, and it is likely that the majority of patients in both groups had at least moderately impaired renal function with a high risk of progression to ESRD. 16 Therefore, differences in the severity of CKD between the PCI and CABG groups large enough to qualitatively modify the observed associations with death or ESRD are unlikely. However, additional studies in cohorts with information on baseline glomerular filtration rate are clearly warranted. Several baseline factors such as age and number of diseased vessels were unequally distributed between treatment groups. We also lacked data on use of renal-protective or cardioprotective medications. Although multivariable models and sensitivity analyses provided consistent results, we cannot rule out the possibility of residual confounding. Last, the study population was limited to patients eligible for Medicare and patients undergoing outpatient PCI (accounting for 95.4% of all PCIs), and the results may not be generalizable to younger CKD patients or to patients eligible for outpatient revascularization.
In conclusion, we compared outcomes of CABG and PCI in elderly patients with CKD. We found that absolute incidence of ESRD is much lower than incidence of death, and that long-term risks of death or combined death and ESRD are lower after CABG. In contrast, overall risk of ESRD is higher after CABG (and attributable to the first 3 postoperative months). These findings will allow CKD patients and their physicians to better assess risks of critical outcomes and incorporate them into clinical decisions before proceeding with coronary revascularization, and they have important implications for patient care.
